Introduction
============

Cerebral venous sinus thrombosis (CVST) is an uncommon disease with potentially serious consequence.^[@B1]--[@B3]^ It's mortality rate was around 30--50% according to the early reports,^[@B4]^ however, the recent neuroimaging technique enabled fast and reliable diagnostic accuracy against the disease and its mortality rate has dropped to 5--9.4%.^[@B5]^ The diagnosis of CVST can be most easily established based on the findings of magnetic resonance (MR) venography, fluid-attenuation inversion recovery (FLAIR), computed tomography venography (CTV) and conventional angiography.^[@B2],[@B3],[@B6]^ However, precise evaluation of the treatment efficacy of CVST is still somewhat challenging. MR venography (MRV) or CTV may provide arterial and venous morphological information, but it is not suitable for elucidating the development of collateral circulation and the improvement of the brain perfusion. Arterial spin labeling (ASL) is a newly developed non-invasive MR method to identify brain perfusion, and is increasingly adapted to the clinical settings.^[@B7]^ In the present cases, the authors report that the serial ASL can detect decreased local brain perfusion in CVST patient which is probably due to the elevation of the capillary pressure and can provide important information of the sequential change in cerebral hemodynamics after the treatment. ASL evaluation of the cerebral hemodynamics may be of value in gaining further insight into pathophysiological characteristics of cerebral venous thrombosis.

Case Reports
============

The first patient is a 48-year-old female with a past history of sinusitis, presented with slight conscious disturbance due to acute seizure. FLAIR imaging ([Fig. 1A](#F1){ref-type="fig"}) demonstrated hyper intense, and Diffusion Weighted MR imaging (DWI) ([Fig. 1E](#F1){ref-type="fig"}) showed slight hyper intense in the right temporal lobe. Gadolinium-enhanced T1-weighted MR imaging demonstrated cerebral ring enhancing lesions in the right temporal lobe. MRV showed that the right transverse-sigmoid sinus was occluded by thrombosis ([Fig. 1H](#F1){ref-type="fig"}), and CTV and conventional angiography confirmed the diagnosis of CVST by right transverse-sigmoid sinus occlusion. Cerebral angiography revealed venous congestion of the affected temporal lobe. ASL (post labelling delay; PLD 2200 msec) taken soon after the diagnosis showed marked low signal intensity within the affected right temporal lobe, suggesting that venous congestion led to elevate capillary pressure and decrease arterial perfusion ([Fig. 1K](#F1){ref-type="fig"}). The lesion to normal ASL ratio was around 0.5 ([Fig. 1D](#F1){ref-type="fig"}). She was immediately started with continuous heparin and anti-convulsant treatment. The neurological condition of the patient soon recovered after the treatment and the patient did not show any further seizure like episode. Although MRV taken at Day 14 showed only a slight improvement of the collateral circulation, ASL, FLAIR, and DWI showed marked improvement in the affected lesion ([Figs. 1B, 1F, 1I, and 1L](#F1){ref-type="fig"}). She was discharged from hospital without neurological deficit five weeks from the onset. MR imaging taken at the time of discharge showed further improvement of ASL and MRV, suggesting the development of venous collateral drainage route. Follow-up MRI imaging 5 months after the onset showed almost full recovery of ASL signal, suggesting collateral venous drainage has decreased the capillary pressure and that led to elevate brain arterial perfusion at the affected lobe ([Figs. 1C, 1G, 1J, and 1M](#F1){ref-type="fig"}). [Figure 1D](#F1){ref-type="fig"} presents the sequential change of the ASL from Day 1 to Day 140 and the gradual improvement of the ASL signal can be found.

The second patient is a 65-year-old female with a past medical history of hypertension and diabetes mellitus. Two days before her admission, the patient recognized numbness of her left hand. She was transported to our hospital complaining of vomiting and seizure. DWI demonstrated slight high intensity in the right frontal lobe ([Fig. 2E](#F2){ref-type="fig"}). FLAIR imaging showed high intensity in the affected area ([Fig. 2A](#F2){ref-type="fig"}). Computed tomography and T2\* MR imaging revealed the presence of intraparenchymal hemorrhage. MRV ([Fig. 2H](#F2){ref-type="fig"}) and conventional angiography showed that the superior sagittal sinus was occluded, and she was diagnosed as superior sagittal sinus (SSS) thrombosis and the congestion of the venous perfusion. ASL (PLD: 2200 msec) on Day 3 showed marked low-signal-intensity within the affected right frontal area showing poor perfusion due to elevated capillary pressure by venous congestion ([Fig. 2K](#F2){ref-type="fig"}). The lesion to normal ratio was around 0.4 ([Fig. 2D](#F2){ref-type="fig"}). Because the patient showed intraparenchymal hemorrhage, she did not receive heparin treatment but only anti-convulsant therapy. For a few days, her symptoms of seizure continued and expansion of the cerebral hemorrhage was observed. Follow-up MRV taken two weeks from the onset revealed slight development of collateral vessels and marked improvement of the ASL in the affected frontal cortex, suggesting that development of collateral circulation led to decrease the venous congestion and subsequent arterial perfusion ([Figs. 2B, 2F, 2I, and 2L](#F2){ref-type="fig"}). One month after the onset, the patient recovered with a slight left upper extremity deficit and was transferred to the rehabilitation hospital. Follow-up MR imaging taken at the time of discharge showed further recovery of ASL signal ([Figs. 2C, 2G, 2J, and 2M](#F2){ref-type="fig"}). [Figure 2D](#F2){ref-type="fig"} presents the sequential change of the ASL from Day 2 to Day 32 and the gradual improvement of the ASL signal can be found.

All imaging was performed at 3.0T (Ingenia 3.0T; Philips) and included following sequences: MR venography (TR/TE/, 15/5 ms) with 384 mm thickness, fluid-attenuated inversion recovery (TR/TE/TI, 10000/120/2600 ms) with 5-mm thickness, 1.5 mm skip. ASL imaging was performed by using a pseudo-continuous mode with a reception time of 3488/3486/3460 ms, an echo time of 15 ms, and was performed by using a labeling period of 1200 ms followed by a PLD of 1000 ms or 2200 ms, with the labeling plane at the level of the foramen magnum. In order to semi-quantitatively analyze the ASL, semi-oval ROI was placed on the both temporal hemisphere and lesion to normal ratio (L/N) was calculated using the image analyzing system (Image J 1.41, National Institutes of Health, MD, USA) as described previously.^[@B8]^

Discussion
==========

CVST is relatively uncommon disease with potentially serious consequences.^[@B1],[@B3],[@B6]^ Although development of modern diagnostic modality including MRV and CTV have achieved early diagnosis and treatment of the disease resulted with decreasing neurological sequelae, current mortality and morbidity rate of this disease is not negligibly low and the outcome of CVST remains largely unpredictable.^[@B2],[@B4],[@B5]^ Anticoagulation therapy using heparin is considered to be one of the current standard treatments,^[@B2]^ however, the data are still lacking regarding the adequate modality to monitor the treatment effect. Recanalization of the occluded sinus under MRV, CTV, and angiography are one of the indicators of treatment effect, however, it is well established that clinical recovery begins earlier than vessel recanalization and can even occur in the absence of recanalization.^[@B9]^ Kawabori et al. have reported the efficacy of susceptibility-weighted MR imaging (SWI) for monitoring the effectiveness of anticoagulation therapy against CVST.^[@B1]^ SWI is an extremely sensitive technique to detect magnetic susceptibility changes between blood product and tissues, developed as a method of high resolution MR venography based on the blood oxygen level dependent effect, and is suitable for detecting the cortical vein. They reported that dilated cortical vein can be found at the acute stage of CVST, and it will subsequently vanish after initiating the treatment, even though the SSS is still mostly occluded. Kawai et al. have also focused on the efficacy of positron emission tomography (PET) scanning. Increased regional cerebral blood volume (rCBV) and decreased regional cerebral blood flow (rCBF) were seen at the acute phase of CVST, and they also found the rapid improvement of both rCBV and rCBF parameters with only a partial recanalization of the occluded sinus after treatment.^[@B10]^ Elevated CBV is thought to suggest increased venous and capillary blood volume caused by congestion of the venous drainage, and increased venous pressure in microcirculation leads to decreased CBF.^[@B11],[@B12]^

Our present study also demonstrated that serial ASL may be an alternative method to monitor cerebral perfusion after the treatment. ASL is a newly developed non-invasive MR technique that magnetically labelled inflowing blood in the feeding artery proximal to the brain can be monitored at the brain imaging slice level, and quantify regional CBF with high reproducibility. ASL has several significant advantages over the conventional hemodynamic assessment method including PET and single photon emission computed tomography (SPECT), because this method can be done under relatively simple set up with shorter acquisition time and does not require ionizing radiation. ASL also has advantages over other MRI and CT technique such as dynamic susceptibility contrast, which requires injection of a contrast agent which is not suitable for frequent study.^[@B13]^ Although the standardized protocol and method to quantitatively measure CBF is still lacking, ASL has been increasingly adopted to clinical settings including leptomeningeal collateral circulation,^[@B7]^ brain tumor vascularity,^[@B14]^ epilepsy,^[@B15]^ and so on. To our knowledge, this is the first report of using ASL as an assessment tool of the cerebral circulation with CVST patient, and we have found that not only the lesion of impaired cerebral perfusion can be distinguished in the acute phase of the CVST, but also ASL might be useful for assessing the treatment effect of the disease. It is quite interesting that ASL showed mild improvement of the cerebral perfusion soon after the initiation of treatment with lack of obvious visualization of collateral development by MRV. These data suggest the development of microcirculatory collateral and improvement of the capillary perfusion.

However, there are several limitations which should be noted. First, although some reports have shown a good correlation of ASL and cerebral perfusion monitored by standard method such as SPECT and PET,^[@B16]--[@B18]^ it is unclear whether ASL in CVST accurately correlates with cerebral perfusion since ASL values are known to be modified by several parameters including blood pressure, arterial vessel diameter size and so on.^[@B19]^ In this report we have adopted L/N to evaluate the improvement of cerebral perfusion, however, further validation of ASL value and cerebral perfusion are necessary. Second, there are currently no data to show optimized PLD time for this disease. In this report, we have obtained both 1000 and 2200 msec for PLD, however, data from 1000 msec did not demonstrate the difference between the affected and normal lesion. This is probably due to the fact that anti-convulsant and hypertensive drug decreases the blood pressure and brain perfusion, and it is too short for labeled water to enter even the unaffected brain. Alsop et al. have also reported the difficulty of determining the optimal PLD for ischemic disease, since the longer PLD lead to improve CBF quantification, though at the price of a loss in signal to L/N ratio due to T1-related decay of the labeled spins.^[@B20]^ Multiple PLD with mapping of the inflow of label water in the tissue and suitable kinetic model followed by standardized SPECT or PET study may offer the potential to elucidate the accurate CBF value. Third, the limited number of subjects in this study is also a shortcoming and further prospective studies in a larger patient population are required to confirm the impact of ASL imaging as a method to follow up CSVT.

The present cases illustrate that ASL can non-invasively demonstrate the impaired hemodynamics in the acute phase of the CVST and the sequential treatment effect. ASL may provide additional understanding against the pathophysiological of the CVST and can provide additional value to conventional modalities.
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![The sequential change of the MRV, ASL, FLAIR, and DWI for patient with right transverse sinus occlusion. While DWI (E) showed slight hyper-intensity in the right temporal lesion, FLAIR imaging (A) demonstrated marked elevation in the affected area. Faint signal of right transverse sinus and straight sinus by MRV (H), with decreased ASL at the right temporal cortex can be seen at Day 1 (K). While the development of venous collateral is partial, improvement of ASL, FLAIR, DWI can be found at Day 14 (B, F, I, L). Further recovery of venous collateral and other parameters can be seen at Day 140 (C, G, J, M). The graph shows the serial change of the ASL signal by lesion to normal ratio (L/N) (D).](nmc-57-557-g1){#F1}

![The sequential change of the FLAIR (A, B, C), DWI (E, F, G), MRV (H, I, J), and ASL (K, L, M) for patient with superior sagittal sinus (SSS) thrombosis. Faint signal of the SSS with decreased ASL at the right frontal cortex can be found at Day 3 (H, K). While the patient showed expansion of the hemorrhage during this period (B, F), improvement of the ASL with only a partial recanalization of the sinus can be seen at Day 13 (I, L). Further improvement of the ASL and other parameters can be seen at Day 32 (C, G, J, M). The graph shows the serial change of the ASL signal by lesion to normal ratio (L/N) (D).](nmc-57-557-g2){#F2}
